Background: Up to 70% of young Nigerian children have been reported to have blood lead concentrations >10 mg/dl. Aims: To better elucidate risk factors for lead toxicity among Nigerian families with children at risk for lead toxicity. Methods: Two geographic wards in Jos, Nigeria were selected for study, one previously reported to have a high mean blood lead level (37 (SD 13) mg/dl) and one with a lower mean blood lead level (17 (SD 10) mg/dl) in young children. Data pertaining to potential risk factors for lead exposure were collected from children and adults in 34 households. Results: The mean (SD) blood lead concentration of 275 subjects, aged 3 weeks to 90 years, was 8.7 (5.7) mg/dl (range 1-34 mg/dl); 92 (34%) had concentrations >10 mg/dl. In multivariate analysis, an age of 5 years and under, flaking house paint, residence near a gasoline seller, male gender, increasing maternal and paternal education, and use of a lead ore eye cosmetic were independently associated with greater blood lead concentration. Vehicle ownership was associated with reduced lead concentration. Compared with the low-lead ward, residence in the high-lead ward remained significantly associated with greater lead values, indicating that additional factors likely contribute to lead exposure. Conclusion: Although the cause of increased lead levels in Jos appears to be multi-factorial, several remediable sources contribute to lead exposure in Nigeria.
L ead toxicity has historically been a paediatric concern. Lead is toxic to the developing nervous system, leading to decreased language, cognition, and fine motor skills. 1 2 Lead exposure has been linked to behavioural disturbances and increased high school dropout rates. 3 4 Other toxic effects of lead include delayed growth and pubertal development in females, 5 renal impairment, 6 dental caries, 7 and hypertension. 8 Though no threshold value for the toxic effects of lead is evident, the Centers for Disease Control and Prevention regard blood lead concentrations of 10 mg/dl or greater as raised. 9 In the United States, the prevalence of lead toxicity in the general population has fallen due to reduced exposure to lead from chipping lead based paint, lead solder for canned foods, combustion of lead based gasoline, and drinking water flowing through lead pipes. In developing countries, lead exposure among young children remains a major problem. Furthermore, the low dietary calcium intake of children in many developing countries 10 11 increases lead absorption and the risk of lead toxicity. 12 In a previous community survey in Jos, Nigeria, 70% of children 6-35 months of age had blood lead concentrations of 10 mg/dl or greater. 13 Greater levels were found in Muslims, those living near areas where automobile batteries were melted, and in those using eye cosmetics.
Because the prevention of further exposure to sources of lead is the mainstay of managing increased blood lead levels, it is essential to identify potential sources of lead exposure. The aim of this study was to investigate exposures associated with increased blood lead levels in Nigerians.
METHODS
Two administrative wards with defined geographic boundaries of Jos, Nigeria (1991 population 622 873) were selected for study based on characteristics identified from a previous randomised cluster sample of young children (6-36 months of age). 13 To discern the practices accounting for the observed association of high blood lead levels with Muslim children in the previous study, we chose two predominantly Muslim wards, one of high mean blood lead levels (37 (SD 13) mg/dl), and the other with lower mean blood lead levels (17 (SD 10) mg/dl) among young children. These were designated the ''high lead'' and ''low lead'' wards, respectively. The intended effect of this design was to remove the confounding effect of religion and to identify practices that may result in lead exposure. Households of children in the previous survey were identified, and when possible, all individuals in the household were tested. A household was defined as a group of people who are related and share living quarters. When the family of the child in the earlier survey could not be located, another household on the same street was selected.
After informed consent, household data were collected pertaining to the use of vehicles, drinking water source and method of storage, type of eating and drinking utensils, education and occupations of the parents, housing material, flaking interior paint, and the proximity of the house to a car battery smelter, gasoline seller, welder, and a major road. Individual data were collected pertaining to age, gender, breast feeding status, pica, use of lead containing eye cosmetics, and practice of rubutu. Rubutu is the Muslim tradition of drinking ink washed off paper on which a Koranic passage has been written.
Blood was collected from all family members. The hands of each subject were washed with soap and water, wiped with an alcohol swab, and dried. After lancing the finger, two spots of blood were placed on filter paper kept in a sealed plastic bag. After being air dried, the filter paper was sealed in its individual plastic bag. The blood spots were sent to the LeadTech Corporation (North Bergen, NJ) for analysis by atomic absorption spectrophotometry. Each of the two blood spots and a non-bloodstained portion of each filter paper was analysed to assess variability and exclude contamination. This method has been validated and compares well with venous whole blood lead measurement. 14 Participating households were given a small bag of toiletries, and individuals were given multivitamins. When The complex sample programs of Epi Info 3.01 (CDC, Atlanta, GA) were used in the data analysis to account for the cluster design. Confidence intervals of mean lead values were calculated using the ward as the stratification variable and the household as the primary sampling unit. Logarithmic transformation to normalise the moderately skewed distribution of lead values did not materially alter the results, so we did not use transformed lead values in the analysis, unless noted. Multiple linear regression with the TRANSREG procedure of SAS 6.12 (SAS Institute, Cary, NC) and logistic regression with Epi Info 3.01 were performed to identify variables independently predictive of blood lead values. For highly correlated variables, the variable explaining the most variance was retained in the model.
RESULTS
Of 283 subjects tested for blood lead, eight results could not be verified, possibly due to contamination. Mean blood lead was 8.7 mg/dl; 92 subjects (34%) had blood lead levels of 10 mg/dl or greater. Table 1 displays mean lead values with confidence intervals that account for the stratified, cluster design. As expected, subjects residing in the ''high lead'' ward had greater mean blood lead levels than those residing in the ''low lead'' ward, but the confidence intervals overlap.
Children aged 5 years and under had higher mean lead values (11.2 mg/dl) than other age groups, and 35 (55%) had blood lead levels of 10 mg/dl or greater. However, age itself was not a predictor of blood lead (r = 0.03). Pica in young children was not associated with increased blood lead values.
Persons who did not use any pipe borne water had greater blood lead levels than those who did. Water storage in clay pots was a risk factor for increased lead values, whereas those who used oil barrels for water storage had lower lead values than those who did not. Those living in mud dwellings had significantly greater lead values than those in cement houses. Most homes with painted walls also had flaking paint. However, the greater lead values among those in painted dwellings were not statistically significant. Residence near a local battery smelter was a risk factor for increased blood lead levels. Although blood lead levels decreased the closer the home was to the nearest road (r = 0.17, p = 0.005), the number of vehicles per minute using the road was associated with an increase in blood lead levels (r = 0.15, p = 0.01). All of the potential household level and individual risk factors for lead exposure were entered into a multiple linear regression model with blood lead concentration as the dependent variable. Variables were removed using a backwards stepwise elimination procedure until all remaining variables had significant (p , 0.05) regression coefficients (table 2) . None of the variables in the final model were highly correlated (all r values ,0.45). Water source and form of water storage, although significant in the univariate analysis, were no longer significant predictors of blood lead values in the multivariate model. Family vehicle ownership was the only factor significantly associated with lower blood lead values. An age of 5 years and under, flaking paint, residence near a battery smelter or a gasoline seller, male sex, parental education, and use of lead ore eye pencil were significantly related to increasing blood lead values. Persons residing in the ''high lead'' ward had greater blood lead values than those in the ''low lead'' ward, indicating that other unmeasured variables explain the difference in blood lead values between the two communities. The model including all of the variables in table 2 accounted for 38% of the total variance in blood lead values. The same variables, except To control for the effect of household on individual level risk factors, we created dummy variables representing the 34 households studied. Individual risk factors that were significant predictors of blood lead values in this analysis were male sex, age of 5 years and under, pica, and ink ingestion. However, using a logarithmic transformation of lead values, pica no longer significantly predicted lead values.
A logistic regression analysis was performed using a blood lead value of 10 mg/dl or greater as the dependent variable. Except for maternal education and residence near a battery smelter, all significant predictors of blood lead levels in the multiple linear regression were also significant predictors of blood lead values >10 mg/dl in the logistic regression.
DISCUSSION
We found multiple risk factors for lead toxicity in an urban area of central Nigeria. Blood lead levels of 10 mg/dl or greater were found in 34% of individuals of all ages, and children ages 5 years and under had the greatest risk of increased blood lead levels. Some factors associated with increased blood lead levels such as mud housing, clay pot water storage, and lack of pipe borne water may actually be proxy indicators of lower socioeconomic status, rather than risk factors themselves. A protective effect of higher socioeconomic status could account for the negative association of vehicle ownership with lead toxicity. Another explanation might be that those who do not own cars are exposed to fumes from vehicles using leaded fuel while walking along polluted roads. Unexpectedly, lead values increased with both paternal and maternal education. As observed in our previous study, we confirmed an association between lead ore eye cosmetics and increased blood lead levels. In Nigeria, powdered eye cosmetics are frequently placed around the eyelids of children, particularly among Muslims. There have been other reports of increased blood lead levels among children using lead containing eye cosmetics. 15 16 Presumably, lead ingestion occurs when the child rubs his eyes with his hands and then engages in hand-to-mouth behaviours rather than from conjunctival penetration. 17 While government regulation has contributed to the decline in the prevalence of lead toxicity among children in developed nations, the problem in developing countries remains unacceptably high. Blood lead levels of 10 mg/dl or greater were found in 78% of young children in Johannesburg 18 and in 80% of Pakistani children, 19 figures similar to our previously reported prevalence of 70% in young Nigerian children. 13 Lower socioeconomic indicators were found to be risk factors for lead toxicity in both South Africa and Pakistan, and use of lead containing eye cosmetics was an important source of lead exposure in Pakistani children.
Despite examination of multiple risk factors, our model still failed to account for the majority of the observed variance of blood lead levels. Because the ward of residence remained predictive of blood lead values, other unidentified sources of lead exposure remain important contributors to lead toxicity in Nigerians. The observational design of the study makes it impossible to control for all potentially confounding variables. Interior and exterior dust have been identified as important sources of environmental lead, 9 but we did not attempt to measure the lead content of dust in this study.
Lead exposure, particularly in developing countries, further exacerbates the already compromised cognitive development of children due to malnutrition and infectious disease. We identified potentially remediable risk factors, including the use of lead containing eye cosmetics, chipping paint, and proximity to battery smelters and gasoline sellers. In addition to other health benefits, nutritional interventions to provide adequate calcium, iron, and vitamin C may potentially lower blood lead levels. 9 Identifying the sources of environmental health hazards in developing countries is an essential first step toward their remediation.
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